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PretreatmentAbstract Non-Supported Liquid Membrane Extraction (NSLME) is a new development extrac-
tion technology based on Supported Liquid Membrane Extraction (SLME). Sample extraction
assembly is composed of three phases: an acceptor phase: phosphate–sodium dihydrogen phosphate
buffer solution at the bottom; an organic phase: chloroform applied as the non-supported liquid
membrane in the middle layer; and a donor phase: aqueous solution samples containing alkaloids
in the upper layer. The whole system is maintained stable by density difference among the three lay-
ers that avoided the mutual interferences. The alkaloid in the donor phase can spread to the under-
lying acidic acceptor phase, where it is able to form water soluble salt in the acid environment, and
thus cannot return to the middle organic phase. Therefore, the transmission of alkaloid is a one-way
path, and the extraction of alkaloids can be achieved and enriched. In this study, the extraction of
alkaloid was carried out by using matrine aqueous solution as the donor phase, and the extraction
quantity and efﬁciency was investigated by GC/MS. This study evaluated the relationship between
extracted quantity and extraction time. The effects of extraction temperature, membrane thickness,
pH value of acceptor phase on extraction quantity and efﬁciency were also studied, and the optimal
extraction condition was found. The extracted quantity achieved the largest amount at 45 C when
pure phosphoric acid was applied as the acceptor phase; the organic solvent volume was 0.2 mL.
The extraction of alkaloid from Radix Sophorae Tonkinensis was performed under the optimized
condition. The extraction rate of matrine was up to 54% after a four-hour extraction. A huge
Extraction matrine from Radix Sopheorae Tonkinensis S145advantage of NSLME technology is that the extracted alkaloid enjoyed a high purity compared
with that extracted by the traditional Liquid–Liquid Extraction (LLE).
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Membrane extraction is a family of techniques that can be
applied to sample pretreatments. These techniques require
very little solvent and provide separation and concentration
at the same time, also enjoy a high speciﬁcity (Hoch and
Kok, 1963; Jo¨nsson and Mathiasson, 1999, 2000). Supported
Liquid Membrane Extraction (SLME) technology and its
applications have been paid more attention by scientists
and thus reported more in the literature. The initial applica-
tion of SLME was to extract and enrich metal ions (Westover
et al., 1974; Bloch and Finkelstein, 1967; DeHaan et al.,
1998; Ritcey and Ashbrook, 1984; Barbosa et al., 2007).
Then, with the development of extraction device: from the
fence (Alpoguz, 2006; Yaftian et al., 2005; Chmielewski
et al., 1997; Mohammadi et al., 2008) to the hollow ﬁber
(Zhao et al., 2007; Kou and Mitra, 2003; Yang et al., 2007;
Lee et al., 2008; Poliwoda et al., 2010; Ebrahimzadeh et al.,
2010), and analysis mode: from ofﬂine to online (Barri and
Jo¨nsson, 2008; Bishop and Mitra, 2007; Hyo¨tyla¨inen, 2008;
Hylton and Mitra, 2007), SLME enlarged its applications
in various ﬁelds, such as environment, food, medicine and
bio-samples (Msagati and Nindi, 2006; Groenewegen et al.,
1994; Shariati et al., 2007; Huang et al., 2008). The key of
SLME technology is to ﬁnd an organic solvent that not only
could form a liquid membrane as thin as possible to apart the
donor and acceptor phase, but also perform a good solubility
of extracts to favor the transfer of them. Generally, the nor-
mally used organic solvents are straight chain alkanes with
more than 10 carbons or fatty alcohols (Balchen et al.,
2007, 2008). They could form a very thin organic membrane,
and provide strong hydrophobic capacity, and short diffusion
distance. Such materials can be used as organic phase when
hollow ﬁber was applied as the support of liquid membrane
to perform extraction. However, the extraction efﬁciency
would be signiﬁcantly reduced when extracting large polar
organisms, such as alkaloids due to their low solubility in
these organic solvents. If other organic materials with high
solubility of alkaloid were used as the membrane, such as
chloroform, it would give rise to another problem of failure
to separate the donor and acceptor phase owing to its high
volatility. In order to solve this problem, a modiﬁcation
was made by replacing the original single membrane with a
closed two-membrane system in which chloroform could be
sealed between the donor and acceptor phase without evapo-
ration. In the new system, chloroform could be used as the
organic phase and the system could maintain stable during
the extraction. Satisfactory results were achieved when ap-
plied to nicotine extraction (Guo et al., 2010).
However, in the double supported membranes system, the
supported membranes can also be neglected and form
NSLME system if suitable donor and acceptor phase are se-
lected. In NSLME system, the donor, organic and acceptor
phase were maintained separated and stable by density differ-
ences among the three phases. The structure of NSLME issimilar to a sandwich: the upper level is the donor phase,
the middle one is the organic phase, and the underlying layer
is the acceptor phase.
Obviously, the NSLME belongs to liquid membrane pro-
cesses. The liquid processes, called also pertraction processes,
are an attractive alternative of conventional extraction. They
offer possibilities for selective recovery of various species
from solutions. Solute transport through a liquid membrane
is a combination of extraction and stripping operations per-
formed simultaneously in one apparatus. Two aqueous solu-
tions, the donor solution D and the acceptor solution A, are
intermediated by an organic liquid M, representing the ‘‘li-
quid membrane’’, insoluble in both aqueous solutions. The
solute is transferred from the donor to the acceptor solution
due to appropriately chosen equilibrium conditions at the
two interfaces D/M and M/A. Because of the continuous
membrane stripping, the solute removal from the solution
could be practically unlimited. Thus, the use of liquid mem-
branes allows solute recovery even in the cases of low distri-
bution coefﬁcients.
This paper attempts to extract matrine from Sophora Ton-
kinensis Gagnep Roots using chloroform as the organic phase
by NSLME technology. In the study, the effect factors such as
the thickness of the liquid membrane, the pH value of the
acceptor, the extraction temperature and time were investi-
gated. The result was analyzed by GC/MS to ﬁnd the opti-
mized condition.
Sophora tonkinensis Gagnep roots is a kind of Chinese tra-
ditional medicine (Li et al., 2007; Lai et al., 2003; Liu et al.,
2008) rich in alkaloids that has anti-tumor and other beneﬁcial
effects. Extraction of alkaloids from Sophora was more using
Liquid–Liquid Extraction (LLE) method. The study is the ﬁrst
application to extract them with a liquid membrane extraction
method.2. Material and methods
2.1. Materials
2.1.1. Instruments
The results analysis was carried out using an Agilent 6890 N
GC system coupled with the fused silica capillary column
(Hp-5, 32 m, length · 0.32 mm i.d., 1.05 lm ﬁlm thickness).
Oven temperature followed the gradient: kept at the initial
temperature of 40 C for 1 min, and rose up to 220 C at
40 C/min, and then rose up again to 280 C at 4 C/min and
held for 10 min. The interface line temperature was 220 C.
Helium was the carrier gas in constant ﬂow fashion, the ﬂow
rate was 2.4 mL/min, and the column pressure was 35 kPa.
Two microliters of each sample was injected in the GC system
at a splitless mode.
For the MS analysis (VG70E-HF, Micromass Corpora-
tion), an EI source was used in the total scan mode between
30 and 600 m/z. The electron energy was 70 eV, the accelerated
S146 Z. Guo et al.voltage was 6 kV, the ion source temperature was 200 C, and
the resolving power was 1000.
2.1.2. Regents
Radix Sophorae Tonkinensis were purchased from Tong Ren
Tang Pharmacy (Baoding China); caffeine (self-made); matrine
was obtained from Biotechnology Co., Ltd. (Shaanxi Zhong-
xin China); PVC sample tube (1.5 mL volume) and camphor,
ethanol, trichloromethane, sodium hydroxide, phosphate and
monosodium orthophosphate (NaH2PO4) were purchased
from Chemical Agent Shop (Baoding, China). All the chemi-
cals are analytical grade. The water used in the experiments
was doubly distilled water prepared in our lab.
2.2. Methods
2.2.1. Sample preparation
Twenty grams of Radix Sophorae Tonkinensis were wrapped
with a ﬁlter paper and placed into the Soxhlet extractor. It
was extracted by 150 mL ethanol–water solution (v:v, 80:20)
to colorless, and evaporated the ethanol, left behind was the
a 28 mL pre-extracts for further extraction.
2.2.2. Standard solution preparation
One hundred milligram of matrine was weighed and dissolved
in a 50 mL beaker and was then drained into a 100 mL volumet-
ric ﬂask and water was added to a total volume of 100 mL to
make a 1000 mg L1 matrine solution. The solution was then
diluted to the concentrations of 300, 250, 200, 150 and
100 mg L1, respectively. A 500 mg L1 caffeine solution was
prepared the same way by weighing 25 mg caffeine and dis-
solved it by CHCL3 in 50 mL volumetric ﬂask, which was as
the internal standard. 0.2 mL of the internal standard solution
was mixed with 0.8 mL of matrine standard solutions to make
the spiking solution. Two microliters of the spiked solution
was injected into GC/MS and repeated three times. The calibra-
tion curve was calculated by using peak area ratios between ma-
trine and caffeine. A linear relationship was obtained with a
good correlation coefﬁcient (Fig. 1 Y= 0.00596x  0.00400,
R= 0.991), when the matrine solution concentration was as
axis X, and the ratio of matrine and caffeine chromatographic
peak area was as axis Y.Figure 1 The calibration curve of matrine.2.2.3. Extraction procedure
PVC sample tubes (1.5 mL) were used as the test device. Phos-
phoric acid was added into PVC tubes and the density was ad-
justed between 1.55 and 1.80 by sodium dihydrogen
phosphate. Then chloroform was added as a membrane solu-
tion forming the middle organic layer (density 1.49). At last,
analyte solution (pH 13) was added at the top. After a while,
the alkali solution in PVC tubes was removed and pooled to-
gether. All the samples were then extracted by chloroform,
added 0.2 mL of the internal standard solution and then ana-
lyzed by the GC/MS. The acid solution in PVC tubes was also
combined together, and adjusted pH between 13 and 14 with
solid sodium hydroxide. Then they were extracted by chloro-
form and added internal standard for GC/MS analysis.
3. Results and discussion
3.1. Optimization of extraction conditions
3.1.1. Inﬂuence of extraction time
Experiments were carried out at room temperature, and using
300 mg L1 matrine aqueous solution as the donor phase.
Fig. 2 shows that the amount of extracted matrine increased
with the increased extraction time. In the ﬁrst 8 h extraction,
the rate of extraction was fast and close to 60%. Then it slo-
wed down in the next 2–12 h. After 22 h, since all matrine in
the donor phase had reached the acceptor phase, the amount
of extracted matrine remained constant.
3.1.2. Inﬂuence of extraction temperature
Membrane extraction quantity is affected by immigration rate
of extracts, which has a direct relationship with extraction tem-
perature. Thus, extraction temperature is a direct inﬂuence fac-
tor of extraction efﬁciency. In the experiment, the extractions
were carried out at six different temperatures (35, 40, 45, 50,
55, 60 C) for 2 h using standard matrine solution
(1000 mg L1) as the donor phase. Fig. 3 shows that the opti-
mal extraction temperature is 45 C, when the extraction
amount achieved 0.65 mg. And the extraction amount de-Figure 2 The effects of extraction time on the extraction
quantity.
Figure 3 The effects of extraction temperature on the extraction
quantity.
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diffusion coefﬁcient and distribution coefﬁcient could affect
the extraction capacity. And the diffusion coefﬁcient will in-
crease with increased temperature, but the distribution coefﬁ-
cient will reduce (Ritcey and Ashbrook, 1984). Therefore,
there is an optimal temperature to balance both of them per-
fectly and achieve a maximum amount of the extraction.
Experiment was not carried out at a temperature more than
60 C, because it exceeds the boiling point of chloroform which
might give rise to an unstable extraction system.
3.1.3. Inﬂuence of the volume of the organic phase
Experiments were carried out with three different volumes of
organic phase (0.2, 0.25, 0.3 mL) at 45 C using standard ma-
trine solution (1000 mg L1) as the donor phase. Sine experi-
ments were conducted in PVC tubes where the bottom areas
are the same, the volume differences will be reﬂected in the
thickness of the organic phase. The results (Fig. 4) showed that
the amount of extraction increased with decreased volume of
organic phase. When the volume of organic solvent increasedFigure 4 The effects of the volume of the organic phase on the
extraction quantity.0.05 mL, the amount of extraction reduced about 0.06 mg.
The experimental results were consistent with the diffusion
law that is the diffusion amount is inversely proportional to
the diffusion distance at certain concentration.
3.1.4. Inﬂuence of pH value of the donor phase
Acidic aqueous solution is used as the acceptor phase when the
analyte is alkaloid. Alkaloid molecules reached in the acceptor
phase will combine with an H+ to form water soluble salt.
Such salts are not soluble in the organic phase, therefore, can-
not return to the donor phase. Hence, the acidity of acceptor
phase has somehow inﬂuenced the extraction efﬁciency. Exper-
iments were investigated under ﬁve different acidity accepter
phases (calculated with 85% phosphoric acid volume fraction)
at 45 C when 0.2 mL chloroform used as the organic solvent
and standard matrine solution (1000 mg L1) as the donor
phase. Fig. 5 shows that the extraction amount increased as
the acidity levels increased and achieved the largest when the
acceptor phase was pure phosphoric acid. The amount of ex-
tracted matrine reached 0.95 mg after 2 h extraction. The study
indicated that the acidity of the acceptor phase was one of the
driving forces of membrane dialysis.
3.2. Extraction of matrine from Radix Sophorae Tonkinensis
with NSLME
The optimized condition was applied to the extraction of the
alkaloid from Radix Sophorae Tonkinensis, which was phos-Figure 5 The effects of pH value of the donor phase on the
extraction quantity.
Table 1 extraction alkaloids from Vietnamese Sophora Root
by NSLME and liquid–liquid extraction.
The radio of area
peaks of matrine
and caﬀeine
Matrine
concentration
(mg/L)
Matrine
amount
(mg)
The acceptor phase 1.990 334.6 2.010
The donor phase 1.680 282.6 1.710
L–L Extraction 0.8450 142.5 3.420
Figure 6a The total ion current graph of NSLME.
Figure 6b The total ion current graph of LLE.
S148 Z. Guo et al.phoric acid was used as the acceptor phase, 0.2 mL chloroform
was as the organic phase, extraction temperature and time are
45 C and 4 h respectively. The results shown in Table 1 indi-
cated that approximately 54% of matrine in the donor phase
was transported to the acceptors through chloroform after
4 h extraction. Comparison the chromatograms of NSLME
and LLE (Fig. 5) showed their chromatograms were little dif-
ferences. The peaks in NSLME chromatograms (Fig. 6a)
seemed simpler and cleaner compared with that of LLE chro-
matograms (Fig. 6b). Although the extraction amount by
NSLME was fewer than that by LLE, it required little solvent
consumption (0.2 ml), and the process is very simple. Also, the
drawback of less extraction amount can be made up by extend-
ing extraction time.4. Conclusions
Matrine in the donor phase could be completely transported to
the acceptors phase after a 22 h extraction at room tempera-
ture by NSLME technology. The extraction amount reached
the largest at 45 C, the optimized extraction temperature.
Extraction quantity is inversely proportional to migration dis-
tance, the thickness of organic phase. It is favorable to enhance
directional transference of alkaloids by increasing the acidity
of acceptor appropriately. NSLME was applied to extract
alkaloids from Radix Sophorae Tonkinensis under the opti-
mized condition. The transmittance was up to 54% after 4 h
extraction. Compared with traditional pre-dealt methods of
matrine, membrane extraction techniques enjoy many advan-
tages such as simple, quick and less consumption of organic
solvents, etc. Most importantly, it can avoid the damage to
environment caused by using substantive organic solvents in
LLE process.References
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